The master level optics laboratory is a biannual, intensive laboratory course in the fields of geometrical, physical and modern optics. This course is intended for the master level student though Ph.D. advisors which often recommend it to their advisees. The students are required to complete five standard laboratory experiments and an independent project during a semester. The goals of the laboratory experiments are for the students to get hands-on experience setting up optical laboratory equipment, collecting and analyzing data, as well as to communicate key results. The experimental methods, analysis, and results of the standard experiments are submitted in a journal style report, while an oral presentation is given for the independent project.
INTRODUCTION
Students taking master level coursework at The Institute of Optics will have at least three courses in optical theory, depending on which master's level track they are taking, and the laboratory class. The masters level optics laboratory has been added to the curriculum since it was impractical to have extensive laboratory experiences in each of the theoretical classes due to the level of necessary resources. Therefore, master level optics laboratory is included in the curriculum to enhance the student's understanding of optical phenomena presented in the theory courses. It also gives them a broad skill set they can use in their studies and careers. This laboratory class does not only emphasize the hard skills in working with optical equipment, but also offers the chance for students to learn and experience soft skills and problem solving. Soft skills are the abilities of a person to interact with others. Communication and leadership skills are the main themes within soft skills. The problem-solving portion within the laboratory experience first involves framing the problem and then asking the "correct" questions to solve a seemingly complicated problem. The students are expected to think about process of finding an answer instead of just finding the answer. This process will allow students to tackle new and more challenging problems as they continue on with their lives.
RELEVANCE TO THE GRADUATE PROGRAM
There are two different paths for students to take for the full-time master program in optics: a thesis route and a nonthesis route, as shown in Table 1 . Within both of these paths, students that come to The Institute of Optics to acquire a master's degree must complete the master level optics laboratory course, OPT 456. The only exception to this is when a student is taking master classes as a part-time student. Under this situation, the student is not required to take the laboratory course. It is assumed that part-time students have sufficient experience in the optics field and have shown some adepthness in soft skills. However, the optics laboratory course can be taken by a part-time student and used as one of their elective classes. It has been observed that even some Ph.D. students who have a desire to learn more about optic laboratory practices also take the four-credit hour course. Some Ph.D. students enroll in the optics laboratory class because they do not have extensive backgrounds in optics so their advisors encourage the students to take the class to enhance their knowledge and skill set. This laboratory course is offered both in the fall and spring semesters. 
COURSE DESIGN
All students that enroll in the class will have an introductory three-hour class to ensure everyone has a minimum skill set before entering the actual laboratories. During this introductory class, students have the opportunity to learn how to use power meters, operate an oscilloscope, perform basic optical alignment, and spatial filtering. and how to operate an oscilloscope. The oscilloscope training includes knowing the importance of impedance matching, triggering, when to use the AC or DC coupling, and the limitations of oscilloscopes. Students will also be exposed to basic radiometry and radiometric measurements. Basic laser safety is also covered in this class. The laser safety that is offered for the class is satisfactory training for operating lasers in the teaching laboratories, but more extensive training is needed to work in the research laboratories. Research laboratory laser safety training is offered on the University of Rochester intranet.
Safety is of great concern while novice students are working in laboratories with potentially dangerous equipment. Inside each of the laboratory rooms a sheet with standard operating procedures can be found posted on the wall. Students are also encouraged to ask for assistance when unsure of proper operation of laboratory equipment. This understanding between the student and the instructor protects the student and the equipment from harm. The laboratory rooms that contain lasers with high laser classifications have appropriate laser eye protection and students are instructed on the usage of such personal protective equipment. Laser signage can be found posted on the outside of each laboratory room that contains a working laser.
During the first class, students will form in a group of three to four depending on the size of the class enrollment. Each group will complete a total of six experiments consisting of four of the seven laboratory experiments listed in Table 2 , the PIN diode characterization laboratory, and an independent laboratory experiment. Each laboratory experiment will be performed in four three-hour class periods. Students are not allowed to enter into a laboratory room unless they all have a general understanding of the experiment they are performing. It should be noted that groups will experience different laboratory activities. However, all groups will characterize two different PIN photodiodes due to the importance of radiometric detection. Students are given two types of PIN photodiodes and will then measure the dark current, responsivity, linearity and the speed of each detector. One type of PIN photodiode is designed for photovoltaic operation and the other type photodiode is constructed for photoconductive operation. The measurements of the diodes will then be compared to the manufacturer's data. Working and testing of these detectors, as with other detectors, requires complete control of ambient lighting. Therefore, every experiment in the master level laboratory course exists in a separate laboratory room which allows for independent control of the lighting as well proper containment of laser radiation.
The independent lab project is the third type of laboratory experiment that is performed in the master level laboratory course. This independent lab exists to give the students a design experience, thus reinforcing the students' desire to get an optics degree by working on a project in which they are passionate about. The main requirement for this lab is that the experiment must have a quantitative component so the students are measuring a certain feature. Qualitative measurements do not give satisfactory outcomes for the independent laboratory. Each laboratory experiment is broken into three sub-components: presentation of three independent laboratory proposals, the laboratory experiment, and a final oral presentation. The independent laboratory consultation determines if any or all of the three proposed laboratory experiments are feasible and if the students are asking the "correct" questions. These questions can be rudimentary such as "What am I measuring?", "How accurate and precise does my measurement need to be?", and "Do I understand how to make the measurement?" These questions can lead to the answers of additional questions such as: "How many times does the measurement need to be made?" "Are these measurements good enough to answer the proposed question?" After the students choose an "acceptable" laboratory experiment, they are given three class periods to complete it. These experiments can be performed in the teaching laboratories or other research laboratories within the university. 
ASSESSMENT OF STUDENTS
The student assessments are based on three parts: the bi-weekly laboratory activities (including the PIN photodiode characterization), the independent laboratory project, and general participation. Seventy-five percent of the final grade is based on a cookbook style laboratory experiment. These cookbook style labs have step-by-step procedures necessary to complete the laboratory activities (excluding the PIN photodiode lab). The requirements the labs is that they need to be written in a journal style report and be longer than ten pages in length. The students are given a rubric to ensure expectations are communicated to the students. The current rubric is shown in Figure 1 . The independent lab project is assessed on the oral presentation. Group and individual students are evaluated on the content of the material, the presentation ability of the group members, the accuracy of the material, and questions answered by the group. The independent lab is worth fifteen percent of the final grade. General participation of the students is worth ten percent of the final grade. This is added to encourage the students to actively participate in the class and communicate with their peers. 
CHALLENGES FOR DUPLICATION
There exists challenges in this individual laboratory room model and may not be transferrable to other universities. At The Institute of Optics the rooms for the master level laboratories were specifically designed for small group sizes. The rooms vary in size from 12 m 2 to 16 m 2 (See figure 2) . Larger laboratory rooms may not be appropriate for dividing into small work areas, due to the lack of control of room lighting and laser beams. The size of the room and experiential expectations limit the number of students per class. Eight laboratory rooms and a optical lecture classroom are designated for use in master level laboratory class. The various laboratory setups are in a semi-static state, and generally do not move due to the size of the equipment and utility needs. The students get four three-hour periods to complete the laboratory experiments, which allows for repeated measurements and time for ideas to be contemplated. During these two weeks, the laboratory equipment and setup does not get disturbed. In addition, equipment for each individual laboratory experiment can be expensive, since the equipment is so specialized. In conclusion, duplication of a diverse laboratory course will require a concerted effort by many professors and staff members alike. 
CONCLUSION
The group based, multi-project, master level laboratory class allows students to explore optics phenomena in a safe and nurturing environment. Students experience the technical, hard skills, as well as soft, interpersonal skills. The students work with a culturally and educationally diverse group of individuals. The students learn that appropriate preparation for the laboratory experiments are required to meet the expectations of the instructor. Interpersonal skills are currently more anecdotal in nature and are only reflected in the student participation. Student written communication, in the form of journal style laboratory reports, is important as the laboratory experiment itself. Continual development of new laboratory experiments is vital to stay current with technology and the skills needed by the students.
